



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Other Operation and Management Factors Related to Scale

It appears that builders tend to engage in more activities related to
building as their volume increases. These activities are quite varied

and might include land development, real estate sales and management of
their own and other properties, commercial and other construction, mortgage
finance, materials dealerships and fabricators, and related businesses.
Land development and real estate sales activities seem to be the most
likely businesses builders will encompass as their volume increases.

As volume increases, it becomes necessary for the builder to build on
multfple sites within the community. |In any one community, almost regardless
of the number of sites, there appears to be an upper limit to the percent of
the market that any one builder can achieve. As volume further increases,
there is a tendency for the builder to build in more than one city.

As volume increases, there is a tendency for the builder to diversify
and build different types of structures, such as apartments, nursing homes,
shopping centers, housing for the elderly, military housing, vacation homes,
motels and hotels, and even office and school buildings, and public
construction,

As volume increases, there is a tendency on the part of the large
volume builder to rely on mortgage and insurance companies and commercial
banks as sources of financing more often than small-volume builders use
these institutions and to rely less on savings and loan associations, The
larger-volume builders' financing operations are usually much more diversi-
fied. Large-volume builders use FHA and VA mortgage programs to a greater
extent than do small-volume builders,

The large-volume builder necessarily tends to concentrate around major
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metropolitan areas and infrequently engages in building custom homes,

As volume increases, there is a tendency to use more

components. In

the 1964 NAHB study, 25 percent of all builders used off-site fabricated

components, while in the 1967 study referred to previously, 56 percent of

the large-volume builders used some components. However,
of the large-volume builders (200 units per year or more)
they used components extensively., The primary components

trusses and prehung doors with interior and exterior wall

only 20 percent
stated that
used were roof

sections, gable

ends, and floor sections being used to a much lesser extent.

Effect of Scale on Land and Direct Construction Costs

Land

There follows some builder statements:

There are economies of scale when purchasing prepared lots

in volumes of several hundred or more at a time.

There are no economies in scale in the purchase of raw
acreage. It is better to keep cash liquid for purchase

of land in ""timely' markets and locations.

There are economies of scale for raw acreage purchases
for more than 100 houses if the land can be liquidated

quickly; otherwise, no.

From a negotiating standpoint, there are some economies
in buying large tracts from one owner because fewer buyers

can purchase,

All things being equal, size of acreage purchased does not

lower per-acre costs.,

Volume of acreage purchased does not necessarily reduce

unit costs.

Raw land costs are pretty constant (at a given time for
a given locality) other things being equal, regardless of

size of tract.

The size of land area purchased does not change price

per acre.
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Lowest unit costs for land development are achieved by
developing 50 lots at a time (600-dwelling-per-year
builder).

Land development costs for 50 to 100 lots are estimated
to be 8 percent less per lot than when developing

fewer than 50 lots =-- breakpoint about 50 lots.

Near-minimum lot-development cost is achieved by
improving 20 lots at a time,

Most economical number of lots to develop at one time
is 100 to 150,

Do not believe there is reduction in development costs
per lot above 100 lots.

Best subcontract prices for sewers, curbs, and pavirg
obtained for 50 lots or more.

Comment:

It appears that there are little, if any, economies of scale in the
purchase of raw acreage. Although there are some indications that
price per acre may be reduced with very large purchases, savings
will be offset by taxes, carrying charges, and the profit-limiting
effect of reducing working capital by investing in large quantities
of land., The breakpoint for economic land development appears to be
between 50-100 lots, and price reductions per lot for development
for this volume compared to féwer than 50 lots may be in the order
of 6 to 8 percent. There does appear to be economies of scale when
purchasing developed lots in quantities of several hundred or more
compared to buying a few lots -- but not necessarily compared to

developing the land by the builder,

Materials
The price-quantity breakpoint relationship for materials as obtained
from both manufacturers and builders is discussed at length in Section

VIIl. Prices of products depend on a number of factors other than
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volume. There are some economies of scale with breakpoints generally
appearing to occur at from 10 to 50 dwellings. The maximum breakpoint
for a few items, however, is nearer to 100 dwellings, and there appears
to be some price advantage for volume purchase of appliances up to
perhaps 600 dwelling.

As volume increases, the builder is more likely to be able to
purchase at lower unit costs, but he has higher overhead costs related
to that volume purchasing activity. Savings in purchase price tend to
be offset by costs for interest, inventorying, loading, unloading,
handling, purchasing, accounting, and supervision., One builder (100
units per year) estimated that in voiume purchasing and with his own
warehouse facilities, he was able tc reduce materials prices on the
average about 20 percent compared to the small volume builder, but his
materials purchasing, warehousing, interest, and related costs added

18 percent for a net advantage of about 2 percent.

Labor

There follows some builders! statements:

We have kept accurate records of man-hour labor costs for
10 years and during that period of time have reduce man-
hour content for similar houses nearly one~third, but have
substantially increased our management overhead expenses
related to achievement of that productivity increase.
Direct labor costs as a consequence have remained almost
the same per square foot of house during the 10-year period
although labor prices have risen sharply. However, manage-
ment overhead costs have increased greatly during the same
period.

Increase in volume does help to reduce unit labor costs,
but it is necessary to increase costs for supervision and

management.

Increases in volume beyond 100 units per year do not reduce
labor costs,
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Increases in volume beyond 100 units per year formerly
reduced unit labor costs, but this is not so today.

Increases in volume at least up to 1,000 units per year
do not reduce labor costs appreciably.

Labor costs decrease up to a volume of 150 to 200 units

per year (apartments), but added management costs tend

to offset this.

Comment ;

It is apparent that there are some economies of scale related to

labor as volume increases to about 100 units per year, but that

these are about offset by added supervision and management costs.

On the other hand, very small-volume builders who personally suger-
vise construction and work with their own crews probably achieve
nearly equal efficiencies, and in some cases, perhaps higher degrees
of efficiency than for some large-vclume operations. It is well known
that supervision, work planning, and scheduling importantly affect
productivity. On a one-house operation, this is a relatively simple
task. For a large-volume operation, it is much more complicated and
not as readily achievable. Higher overhead costs must be incurred

to obtain efficiencies as volume increases. Except for the very low-
volume operation, volume in the order of 100 or more dwelling units
per year probably results in near maximum efficiencies of labor utiliza-
tion, other things being equal.

The primary method of developing labor efficiency, other than
that due to scheduling, supervision, work planning, and related items,
is through repetition. Hourly wage rates are independent of scale.
Therefore, the only efficiencies or cost savings that can be developed

as a result of scale are by improving productivity,
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Industrial engineering studies by the NAHB Research Foundation
show that the well—kﬁown (in manufacturing industries) labor-learning
curve, is applicable to site construction and that repétition can
improve productivity. This does not apply to normally highly repeti-
tive tasks such as nailing and sawing, but does for sequence of
operations, layout, measuring, and related items. The problem with
repetition though is that market acceptance is limited except when
appearance can be made different., Each time changes are made in appear-

ance, potential efficiencies in volume repetition are decreased.

Subcontracts

It is inherently difficult to obtain comparative information on the
economies of scale for subcontracting because, at any one time,
builders almost always obtain subcontract bids for only a given volume
and a given group of dwellings. Since no groups of dwellings are the
same and costs vary with time, comparison of subcontract bid price
variation with volume is subject to inaccuracies,

Builders interviewed who build from 50 to 100 or more dwellings
per year, generally said that it was essential to know more about their
subcontractors' businesses than they did in order to obtain the best
prices, In general, builders seemed to agree that near-best prices
could be obtained for subcontracts when volume was in the order of 50
to 100 dwellings per year. Two builders with volumes of more than
2,000 units per year differed on this point. One believed that sub-
contract prices could not be reduced above 100 units per year, and the
other believed that nearly 600 units per year in one subdivision was

necessary to achieve lowest subcontract prices.
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As volume increases beyond several hundred units per year or so,
it is sometimes necessary for builders to obtain several subcontractors
for one type of work. This is because most subcontractors are not large
enough to handle very-large volume and those who are, many times prefer

to work for several companies simultaneously rather than for only one.

Effect of Scale on Other Costs

Indirect Construction Costs

By definition, indirect costs vary primarily with volume, but not in
exact proportion to volume (This was noted in Section Vi), Total
indirect costs increase as volume increases, but the per-unit-indirect
costs tend to decline as volume increases. However, these per-unit
costs would be greater if the organization engages in direct materials
purchasing and performs labor operations with its own crews rather than
using subcontractors, |

The relationship is not linear and there are discontinuities at the
point where indirect costs are added but volume is not increased significantly.
it is beyond the scope of this study to assess this numerically. The
response of some builders interviewed indicated that the lowest per unit
indirect cost might be for builders with either very small (under about
15 units per year) volume or for those with very large volume (over 500
to 700 units per year). However, others thought that near lowest or
lowest per unit indirect costs could be achieved with a volume of about

100 units per year.

General and Administrative Costs

By definition, these expenses do not vary with volume for a given

management operation and are frequently referred to as fixed expenses,
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Their total cost does increase substantially as volume increases. The
tendency is for the per unit cost of these expenses to decline as

volume increases, but, again, this relationship is not linear and it has
discontinuities. The determination of a numerical difference per dwell-
ing unit as volume varies is beyond the scope of this study. It is
believed, however that the per dwelling unit decline in these costs

would be very modest as volume increases.

Marketing Costs

As volume increases, sales cost (commission or equivalent) may decrease
slightly. Practices vary substantially, but as volume exceeds one
hundred to several hundred units per year, sales cost may decline up

to about one-half to one percent. Generally speaking, other marketing
costs are dependent on volume., The overall tendency is for these

costs to decline slightly as volume increases up to about 100 to 300
units per year, This cost may actually increase for very large volume

due to the need for substantial advertising and model home expenditures,

Financing Costs

In general, financing costs are directly related to volume because
money is loaned essentially on a yield basis. Under some circumstances,
well-established, large-volume builders may be able to obtain slightly
more favorable financing, but this would probably not be more than one-
fourth of one percent except under unusua] circumstances. Most of the
builders interviewed stated that the cost of money was the same regard-
less of volume, A few builders said that this depended on the money
market at the time commitments are made for interim and permanent

financing, but that a s1ight advantage may exist with a large volume,
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One builder estimated that during periods of tight money with accom-
panying high discounts (points), it might be possible for the large
volume builder to achieve an advantage of one-half to a maximum of

one point.

Overall Efficiencies

A number of the builders interviewed varied their volume substantially
during previous years. Unfortunately, the price of land, the price of
money, the price of materials, and the price of labor have constantly
increased so it was most difficult for builders to make a judgment about
comparative overall efficiency as volume increased.

Most builders thought that there were inherent efficiencies for the
’very small volume builder who has very low overhead and who personally
supervises and participates in construction. His costs for materials are
higher and this probably holds true for subcontracts. However, he probably
has lower advertising expenses, may have lower financing costs (because
of progress payment by owners for custom-built homes), and rarely has ex-
penditures for items such as market analysis.

Most builders believed that there were overall efficiencies for annual
volumes in the order of 70 to 100 or more units per year, There were
differences of opinion about overall efficiency breakpoints above the
70-100 level. Some very large-volume builders‘thought that once a volume
of about 100 units per year had been achieved in any one subdivision, there
were virtually no economies in increased volume., O0On the other hand, at least
one builder thought that it was necessary to achieve a volume of 600 to 700
units per year in one subdivision to achieve the maximum overall economies.

In most cases, builders interviewed stated that with their present over-

head costs they could build more units per year if they could achieve increased

IX-15



sales and that the maximum overall efficiency would be for somewhat higher
number of dwelling units than they were currently producing. All were striv-
ing to achieve this additional volume. Stated another way, this means, that
for a given size of organization, the maximum overall efficiency is achieved
at the point just before the discontinuity in the unit-cost-related-to-volume
curves occurs. (See Figure A) One builder who had built from fewer than 100
to slightly more than 500 units per year thought that the per unit overall
costs might be reduced as much as 2 percent when building 500 units per year
compared to 100 units per year. The market is the inherent problem, of course,
for large-volume builders as they attempt to maintain production at maximum
capacity without increasing their overhead.

If there were an unlimited market or a ''standing-in-line market' as in
many European countries, most builders thought that there would be added econo-
mies of scale for large volume production, especially, if a high degree of
repetition were involved. They all recognize the design and environmental
problems created by repetition of dimensions, materials, and appearances, yet,

there are economies in such repetition.

Indirect

. \
Costs/Unit \\\\\5‘“‘\\\‘\-~__\~\\_____.

Volume

FIGURE A. Illustration of Discontinuities in Indirect
Costs/Unit versus Volume Curve
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METHODS AND CRITERIA USED BY BUILDING PRODUCT MANUFACTURERS
FOR DETERMINING MINIMUM MARKET POTENTIAL NECESSARY TO
INDUCE INVESTMENT IN NEW PRODUCT DEVELOPMENT

Iin answer to letters and follow-up conversations with NAHB Research Fourdation,
inc., personnel, major building materials manufacturers provided information
regarding their methods and criteria for determining minimum market potential
necessary to induce investment in new product development.

The manufacturers were most helpful and cooperative in supplying infor-
mation especially in light of the complexity of the questions and the very
short notice given to reply.

There is sufficient uniformity in the responses to beiieve the infor-
mation obtained is reasonably representative, Manufacturers replying
represent a wide range in size and a broad variety of end products produced

and raw materials used,

General
in the letters sent to manufacturers, questions were asked that related to
markets for dwellings for low-income families in accord with the objectives
of the study. This, and the use of the word ''inducement' (per the contract)
to invest in new product development, elicited some general comments.

it is apparent that manufacturers are well aware of the huge mafket
potential related to low cost dwellings. Several stated that special induce~
ment was not necessary to encourage investment in product development for
this market. None is concerned with the potential volume., The combined
potential of this market, the pressure of change, and the pressure to improve
raw materials utilization and plant ‘efficiencies to offset laborrcosts.that

are rising faster than’productﬁvity, are all more. than adequate "inducement"



for these companies to invest in new product research and development. The
key problem, as phrased by one respondent, is that ''currently used products,
materials, and systems are so low in cost that required price objectives
for new products are frequently ridiculous',

In short, the inducements are present. The method of achievement is
illusive. In commenting on this, one manufacturer philosophized that it
is seemingly impossible to produce substantially lower-cost dwellings that
look like higher-priced dwellings and that are built to the same standards

of size, performance, and durability.

Methods

All of the methods used by these major manufacturers to determine whether
they will invest in new product development may be described as sophisticated.
Such determinations involve detailed studies and quantifications.

The following outline does not follow any one manufacturer's procedure,
but it is intended to represent a consolidated outiine generally representa-
tive of methods used:

L Development of Product Concept

This may come from an idea, a market need or a need of the
manufacturer, |Instant ideas that are successful are in the
minority, Successful products are more likely to be develop-
ed as a result of a serious study of the needs of the market.
Some manufacturers specifically try to develop products that
will conrtribute to housing industry meeds such as the lower~
ing of on-site labor content, lowering of required site
skill, lowering>tota1 weight, reducing the number of parts,

pieces or layers, lowering cost, minimizing the effect of
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bad weather, and similar items. Manufacturer needs may lead

to product development as & result of studies reiated to excess.
capacity for certain lines, better by-product waste utiliza-
tion, management decision to expand into new fields, or to
expand existing volume of sales. This latter item appears

to be a dominant factor in relation to new products stemming
from manufacturer need.

Product Definition

Once an idea has been identified, an attempt is made to
quantify the allowable price (and sometimes the aliowable
in-place cost) and the required performance.

Feasibility Study

A feasibility study is undertaken that considers the following

items:

Research and development time, cost, difficulty, and

likelihood of research success

- Cost of production of product

- Potential market volume

- Methods and costs of distribution, advertising, and
sales including special promotion requirements

- Requirement for invested capital and capital-in-use

- Conformity or lack of conformity with current
plant facilities, skills, new materials, markets,
and overall marketing and sales patterh of the
company

- Specjal factors pertinent to the company
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New Product Review Board

The feasibility study aiong with recommendations of either
the research director or the new product development
manager are submitted to a ''new product review board'.
Personnel on this board typically consist of representa-
tives of senior executives, sales, research and develop-
ment., marketing, and production, A judgment is made as

to whether or not to proceed, It is extremely difficult
to summarize the judgment process since so many factors
are involved. In essence, though, it reduces primarily
to the question of potential yield on invested capital
including capital to be invested in research, develop-
ment, plant equipment, inventory, receivables, buildings,
special sales, and promotion costs, etc, This is
discussed in detail below under the heading of '"(riteria',

Research and Development

If the product idea is accepted by the review board,
technical research and development proceeds along with
further refinement of financial estimates and much more
detailed and comprehensive marketing studies. Marketing
studies account for factors such as competitive products,
permanency of the market, indirect competition, pricing
trends for that category. .of product, degree of market
assistance that can be anticipated from others, conformance
with the stfengths of the company, detailed market projec-
tions and degree of pengt;at?gqf tota] HQYlar volume,

evaluation of the sales appeal and value of the product,
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7.

effect of short- and long~term technical improvements that
might affect the product, marketing strategy, time required
to make the product profitable, profit prospects, customer
evaluation of the product, and required sales and distri=
bution patterns.

Interim Reviews

|f at any time during the research and development stage,
estimated research and development costs seem likely to
exceed estimates by some fixed percentage (say 5 to 10
percent), new cost estimates are prepared and the board
again renders judgment, |If, at any stage of the detailed
market analysis, significantly different resuits are ob-
tained than were originally anticipated, the board again is
asked to render judgment.

Pilot Plant

if all factors are satisfactory and the research is
successful, pilot piants are established and production
is initiated.

Commercial Development

The commercial development section or department, or

its equivalent, begins test marketing of the product,

and establishes advertising, sales, distribution patterns,
and price.

Production

If pilot plant operation is successful, if production
costs appear to be in line, and if test marketing is

successful, production is either initiated or new
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production facilities are constructed. An inventory is

developed in the plant and in the distribution system,
lo. sales

Full-scale sales efforts are initiated. These include

promotion, samples to distributors and users. In addi-

tion, a major effort is made to acquaint the market with

the availability and the advantages of the product.

The above method essentially outlines the procedure for a ''substantial'
product development. Many minor improvements and changes in products are
made without following anything similar to the above. One research and
development director pointed out the fallacy of the old cliche about the
world beating a path to the door of the man who invents a better mousetrap.
He stated that regardless of how good the product is, substantial funds have
to be expended to acquaint customers with the fact that the product exists
and that it is better than some other products, and to convince them that
they should change. Incidentally, the literature on management of research
generally indicates that as much as 10 times as much money must be expended

for promotion of new products as is spent for their research and development.

Criteria

There are a number of criteria applied by manufacturers in the process of
judging whether to invest in new product development, In principle, the
criteria are similar, Of course, there are variations among manufacturers
and among different types of products for each manufacturer.. In each case,
there appear to be two criteria that dominate the decision within the speci-
fic limits established by each manufacturer. These are: (1) Likelihood of

success and (2) Yield on invested capital,
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2.

Likelihood of Success

By one method or another, manufacturers determine the likelihood of
success of developing @ new product into a successful commercial
reality. Some manufacturers reduce all factors affecting likelihood

of success to a numerical basis and establish cut-off points. These
cut-off points vary, but unless there is a 50 to 67 percent chance

of success, the product idea will probably be dropped.

Yield

Return on invested capital or return on invested capital and on capital-
in-use is a primary criterion for determining whether to proceed with
new product development. In general, yield on invested capital for

new products must be projected to be equal to or greater than average
yield for the company. Higher-than-average yields on invested capital
are sought because the effect of competition usually sets in quickly
and causes yield returns to decay., Desired yields appear to be
generally in two categories; (a) A lower.rate for small-investment,
low-risk compatible products, and (b) A higher rate for high-investment,
high-risk, non-compatible products.

The above does not always hold, but it seems to be reasonably
typical. |If projected volume is large and the projected period of time
during which the product may be expected to be competitive is long, the
yield objective is reduced. |f there are patent protections, the yield
objective may also be reduced. In most cases, manufacturers commented
that yield objectives on invested capital varied from 10 to 25 percent,
In one instance, a yield of 2 percent on sales after taxes was mentioned
for a minor modification‘or for a product completely compatible with the

company's skill, production, sales, distribution, and raw materials.
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Yield objectives for new products seem to be generally set above the
average for the company not only beca@se of the decaying effect of
competition, but also because of substantial extra selling expenses
for the first few years.

The project time required to recapture investment is an
important factor related to yield. |In the case of minor product
modifications not protected by patens, a one- or two-year payout is
desired. When there is patent protection and other protection such
as a complicated production process and a large capital investment,
up to 10-year payouts are acceptable.

Total Market Potential

The total market potential is a significant factor in the new
product decision process. Here again, there are two general
categories: a. For products that are highly compatible with the
company's overall efforts and that have relatively low risk and
relatively low investment, the minimum market potential is less.

b. For products that are not compatible and risks and investment
are high, the minimum required market potential is greater. Speci-
fically, minimum stated market potential varied from about $50,000
annually to $50 million annually. The median was about one million
dollars per year.

As in the case of yield, the effect of competition and resultant
potential market decline, the effect of likely technological develop-
ments, the presence or absence of patent protection, the expected
duration of market, and other factors affgct the required market

potential.



5.

Required Capital Investment

In some instances, manufacturers have established maximum capital
investment criteria which they generally do not exceed. In other
instances, manufacturers have established minimum capital invest-~
ments., in the case of minimum investments, a manufacturer will
generally not consider the new product unless it requires commit-
ment of at least his capital investment minimum. Some large
companies with high overheads believe that it is uneconomic for
them to try to compete in the marketplace with new products that
require only small capital investment for production and relatively
low levels of production, skill, and knowledge.

Competition

The effect of competition from other products over a period enters
into the determination of required market volume. If the competi~-
tion is expected to Be quick and severe, a larger market volume
potential would be necessary to induce investment in new product
development, |f the converse applies, a smaller market potential
would be satisfactory,

Compatibility

{f the new product is compatible with the marketing, production,
and sales abilities of the company and compatible with their
established distribution system, smaller market volume potential is
required. For entirely different products that require different
production equipment, different distribution systems, and new sales
and marketing abilities, the required market potential volume is

greater.
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7. Patents
Except for minor modifications, some companies are reluctant to
consider new product development that would not be protected by
patents unless they involve large capital investments and compli-
cated technical processes.

8. Other Factors

Other criteria are used in the judgment process related to new
product development and necessary market potential. For the most
part, these are not subject to quantification, Some manufacturers
indicate that the sociological benefits of the product weigh
heavily in the decision process. |f the product will contribute
to society, for example, aid in housing low-income families, the
company would be willing to adjust other criteria. If the product
will contribute to the prestige of the company, a lower market

potential is required,

Summary

In summary, it can be seen that potential volume is by no means the sole
inducement for new product development., Higher potential volume in all
cases, though is a greater inducement., The likelihood of success and
yield on invested capital and capital-in-use are the key factors in deter-
mining whether or not to engage in new product development. All companies
emphasize that they generally have a broad and flexible policy and are
constantly seeking to develop new products.

The dollar volume of required market potentials varies from small to
substantial. For relatively small investments and for products that are

compatible with the company, market potentials for the companies' products



in one to five thousand dwelling units per year are indicated. For products
that are not now compatible with the company and that require high capital
investment, as many as a 50,000 to 100,000 dwelling unit market potential
for the companies' products might be required as an inducement to proceed.

The above statement of required markets in terms of dwelling units per year

> )
is highly variable and depends to a very large extent on the dollar value
« of the particular product. As the dollar value of the product in one
dwelling increases, the required number of dwellings decrease.
-
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